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METHOD AND APPARATUS FOR
CALCULATING YIELD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2011-
177775, filed on Aug. 13, 2011, the entire contents of which

are incorporated herein by reference.

FIELD

This technique relates to a design support technique.

BACKGROUND

Some automatic design techniques for analog circuits take
into consideration the yield. In such automatic design tech-
niques, when plural sample points are generated, each of
which has plural kinds of performance 1tem values (these are
also called performances, totally. For example, gain, power
consumption, linearity, area, noise, accuracy, dynamic range,
impedance matching or the like) that are simulation results for
combinations of specific design parameters and specific
design variable values, while changing values 1n the combi-
nations, the yvield as represented below 1s defined for each of
plural sample points.

On the premise, “the performance P1 at the sample point 1
dominates the performance P2 at the sample point 27 is
defined as follows:

Pl < P22 Vilp;=po) N ilpyspy)i=1... N (1)

p,, represents a value of the 1-th performance item included
in the performance P1, and p,, represents a value of the 1-th
performance item included in the performance P2. The
expression (1) represents that, when values of all of the per-
formance items at the sample point 1 are equivalent to or
better than values of the corresponding performance items at
the sample point 2, and a value of any one performance 1tem
at the sample point 1 1s better than a value of a corresponding
performance 1tem at the sample point 2, 1t 1s said that the
performance P1 dominates the performance P2. When the
performance P1 dominates the performance P2, 1t 1s also said
that the sample point 1 dominates the sample point 2.

In addition, the domination relationship of the perfor-
mance will be explained by using FIG. 1. Here, 1t 1s assumed
that there are only two performance 1tems, and the first per-
formance item 1s represented by the vertical axis as a perfor-
mance 1tem 1, and the performance 1s higher when the lesser
value 1s obtained. Moreover, 1t 1s assumed that the second
performance 1tem 1s represented by the horizontal axis as a
performance item 2, and when the lesser value 1s obtained, the
performance 1s higher. Here, when values of the performance
items 1 and 2 are i1dentified by carrying out the simulation,
sample points are plotted on 2-dimensional space as 1llus-
trated in FIG. 1. In an example of FIG. 1, 6 sample points A to
F are obtained. In such a situation, because the lesser value 1s
naturally preferable for any of the performance 1tems 1 and 2,
the sample point which 1s nearer to the origin 1s better.

Then, “X dominates Y represents that all components (1.¢.
performance 1tem value) of Y 1s equal to or worse than the
corresponding components of X, and at least one of the com-
ponents ol Y 1s worse than the corresponding component of
X. In the two-dimensional space as illustrated in FIG. 1,
because B whose values of the performance 1tems 1 and 2 are
lesser 1s a better sampling point than E, “B dominates E”, and
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2

similarly, because C 1s a better sampling point than F, “C
dominates F”’. On the other hand, when A 1s compared with B,

because the A’s value of the performance 1tem 2 1s lesser but
the B’s value of the performance item 1 1s lesser, 1t cannot be
said that “A dominates B”. As for A to D, the dominancy
relationship 1s not satisfied. Thus, the sampling points that are
not dominated by the other sampling point in the performance
space are called “Pareto™ (also called “non-dominant solu-
tion”). Then, a curve A (1n case of the three-dimensional or
higher dimensional space, curved surface) connecting the
Pareto 1s called “Pareto curve” (or “Pareto curved surface™).

In addition, as illustrated in FIG. 2, the sample point 1s
plotted at a position of a circle mark according to the perfor-
mance 1tem values, and a sample point focused this time 1s
illustrated by a black circle. Incidentally, an ellipse with a
hatch virtually represents a distribution area of the sample
points. In such a case, sample points having the equivalent to
or better values than those of the focused sample point for all
of the performance 1tems are sample points imncluded 1n a
rectangle measurement range whose upper right vertex 1s the
black circle. Incidentally, the condition 1s similar even when
the number of performance 1tems 1s three or more.

In the aforementioned conventional technique, the appear-
ance probability of the sample points having the performance
equivalent to or better than that of a focused sample point 1s
defined as the yield. Therefore, the yield 1s calculated by
counting (the number of sample points that appear in the
measurement range illustrated in FIG. 2 +1) and dividing the
counted value by the number of all sample points.

However, when the vields are calculated for all sample
points, a processing to confirm, for each focused sample
point, the domination relationship with the other sample
points 1s carried out. Accordingly, when the number of
samples increases, 1t takes an extremely long processing time.

Namely, there 1s no technique for rapidly calculating the
yield based on the domination relationship between sample
points.

SUMMARY

A vyield calculation method relating to this technique
includes: (A) converting, for each of a plurality of sample
points, a set of plural kinds of performance 1tem values for a
sample point into coordinate values of a mesh element con-
taining the set among a plurality of mesh elements obtained
by dividing a space mapped by plural kinds of performance
items; (B) generating a binary decision graph representing a
group ol the coordinate values of the plurality of sample
points; (C) first calculating the number of sample points
including second sample points that dominates a first sample
point and the first sample point, by counting the number of
paths from a root node 1n the binary decision graph to a leaf
node representing “1” 1n the binary decision graph through at
least one of certain nodes corresponding to coordinate values
that are equal to or less than coordinate values of the first
sample point, wherein the second sample points and the first
sample point are included 1n the plurality of sample points;
and (D) second calculating a yield of the first sample point by
dividing the calculated number by the number of the plurality
of sample points.

The object and advantages of the embodiment will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ment, as claimed.
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BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a diagram to explain a domination relationship of
performances:
FIG. 2 1s a diagram to explain a yield of a sample point;
FIG. 3 1s a functional block diagram of an information
processing apparatus relating to a first embodiment;
FI1G. 4 1s a diagram depicting an example of data stored in
a data storage unit;
FI1G. 5 1s a diagram depicting a main processing flow relat-
ing to the first embodiment;
FI1G. 6 1s a diagram depicting an example of a performance
space;
FIG. 7 1s a diagram to explain meshing of the performance
space;
FIG. 8 1s a diagram depicting an example of data (i.e.
coordinate list L) stored 1n the data storage unait;
FIG. 9 1s a diagram depicting an example of a truth table;
FIG. 10 1s a diagram depicting an example of a binary
decision tree;
FIG. 11 1s a diagram depicting an example of the binary
decision graph when integrating nodes;
FIG. 12 1s a diagram depicting an example of the binary
decision graph when deleting redundant nodes;
FIG. 13 1s a diagram depicting an example of the truth
table;
FIG. 14 1s a diagram depicting an example of the binary
decision tree;
FIG. 15 1s a diagram depicting an example of the binary
decision graph after integrating the leaf nodes;
FIG. 16 1s a diagram depicting an example of the binary
decision graph after deleting the redundant nodes;
FI1G. 17 1s a diagram depicting a state 1n a ZDD generation
Process;
FI1G. 18 1s a diagram depicting an example of ZDD;
FI1G. 19 1s a diagram depicting a processing flow of a ZDD
generation processing;
FI1G. 20 1s a diagram depicting an example of data of levels;
FIG. 21 1s a diagram depicting a processing flow of the
/DD generation processing;
FIG. 22 1s a diagram depicting a specific example of the
/DD generation;
FIG. 23 1s a diagram depicting a specific example of the
/DD generation;
FIG. 24 1s a diagram depicting a specific example of the
/DD generation;
FIG. 25 1s a diagram depicting a specific example of the
/DD generation;
FIG. 26 1s a diagram depicting a frequency table repre-
sented by the generated ZDD;
FIG. 27 1s a diagram depicting a processing tlow of a
processing to count the number of sample points;
FIG. 28 1s a diagram depicting coordinate values of a
specific sample point;
FIG. 29 1s a diagram depicting an example of ZDD_b;
FIG. 30 1s a diagram depicting a processing tlow of the
processing to count the number of sample points;
FIG. 31 1s a diagram to explain an identifier of ZDD_1[1];
FI1G. 32 1s a diagram to explain an i1dentifier of ZDD_b;
FIG. 33 A 1s a diagram depicting a {irst state of a hash table
P;
FIG. 33B i1s a diagram depicting a second state of a hash
table P;
FI1G. 33C 15 a diagram depicting a third state of a hash table
P;
FIG. 33D 1s a diagram depicting a fourth state of a hash
table P;
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4
FIG. 33E 1s a diagram depicting a fifth state of a hash table

P

FIG. 33F 15 a diagram depicting a sixth state of a hash table

P;

FIG. 34 1s a diagram depicting a processing flow of a
function H;

FIG. 35 1s a diagram depicting a processing tlow of the
function H;

FIG. 36 1s a diagram to explain search of ZDD_{1[1];

FIG. 37 1s a diagram to explain a node 1dentifier of ZDD_{
12]:

1G. 38 1s a diagram depicting an example of the hash table

P;

FIG. 39 1s a diagram depicting a processing flow of the
processing to count the number of sample points;

FIG. 40 15 a diagram depicting an example of data stored in
the data storage unit;

FIG. 41 1s a diagram depicting a display example of a
processing result;

FIG. 42 1s a diagram depicting a display example of a
processing result;

FIG. 43 1s a diagram depicting a processing flow relating to
a second embodiment:;

FIG. 44 1s a diagram depicting a list of nodes to be traced;

FIG. 45 15 a diagram depicting node search in ZDD_1[1];

FIG. 46 1s a diagram depicting node search in ZDD_1[2];

FIG. 47 1s a diagram depicting node search 1n other ZDD;

FIG. 48 15 a diagram depicting an example of data stored in
the data storage unit; and
FIG. 49 1s a functional block diagram of a computer.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

FIG. 3 illustrates a functional block diagram of an infor-
mation processing apparatus 100 relating to this embodiment.
The information processing apparatus 100 has a data storage
unit 110 and a processing unit 120 that carries out a process-
ing using data stored in the data storage unit 110. The pro-
cessing unit 120 has a converter 121, a generator 122 and a
yield calculation unit 123.

The data storage unit 110 stores data as 1llustrated i FIG.
4, for example. In this embodiment, an 1dentifier (ID) of the
sample point and values of performance 1tems 1 to M are
registered. Separately, for each sample point, a corresponding
circuit configuration, design variable values and design
parameter values may also be registered 1n association with
that data. However, because there 1s no direct relationship
with this embodiment, they are omitted. For example, this
information processing apparatus 100 or other computers
carry out circuit stmulations for the design variable values
and design parameter values to obtain results of the circuit
simulations (1.e. values of the performance items 1 to M), and
store the obtained results 1into the data storage unit 110.

The converter 121 of the processing unit 120 carries out
meshing of a performance 1tem space mapped by the respec-
tive performance items, i1dentifies, for each sample point, a
mesh element containing the sample point, and 1dentifies, as
coordinate values of the sample point, coordinate values of
the mesh element.

The generator 122 of the processing unit 120 generates a
binary decision graph (BDD) (e.g. Zero-suppressed BDD
(ZDD)) representing a set of sample points stored 1n the data
storage unit 110.

The yield calculation unit 123 of the processing unmt 120
carries out a processing using the binary decision graph to
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calculate the yield for each sample point, and stores the cal-
culated yields into the data storage unit 110.

Next, a processing of the processing unit 120 will be
explained by using FIGS. § to 42.

First, the converter 121 of the processing unit 120 carries
out meshing of the performance space, and converts coordi-
nate values (1.e. performance 1tem values) of each sample
point, which are stored in the data storage unit 110, to coor-
dinate values of the mesh element containing the sample
point, and stores the processing results into the data storage
unit 110 (FIG. 5: step S1).

For example, the performance space illustrated in FIG. 6
will be explained as one example. Here, in order to simplify
the explanation, on a plane mapped by the performance 1tems
1 and 2, 5 sample points samplel to sampleS are considered.

For example, 1t 1s assumed that samplel=(1.1, 1.1), sample2=
(2.7, 3.2), sample3=(3.2, 2.7), sampled=(2.8, 4.9), and
sampled=(5.1, 1.6). Here, as illustrated 1n FI1G. 7, when this
plane 1s divided nto 3*3 mesh elements, the coordinate val-
ues of the sample points samplel to sampleS are converted
into  samplel=(1,1), sample2=(2,2), sample3=(2,2),
sampled=(2,3) and sample5=(3,1).

Typically, data as illustrated in FIG. 8 1s stored in the data
storage unit 110. Namely, an ID of the sample point and
coordinate values of the performance 1items 1 to M are stored.
However, the number of sample points and yields will be
turther stored 1n the processing described below. Such data 1s
called “a coordinate list L”.

Next, the generator 122 of the processing unit 120 carries
out a ZDD generation processing to generate a ZDD repre-
senting a group of sample points, which are stored 1n the data
storage unit 110 (step S3). The ZDD generation processing
will be explained by using FIGS. 19 to 26.

Incidentally, before the explanation of the specific process-
ing, BDD, which 1s a premise of ZDD, 1s explained. First, a
binary decision graph BDD {for a truth table as illustrated in
FIG. 9 1s explained. This truth table 1s represented by a fol-
lowing logical function 1(x,, X,, X,). However, dash **” rep-
resents “NOT”. 1(X,, X,, X3)=X, "X, X;"+X, X, +X X, X,

The binary decision graph represents such a logical func-
tion or truth table in a graph form by the compression, and
operations between the logical functions can be made by a
processing between the compressed graphs.

Such a truth table 1s represented by a binary decision tree as
illustrated 1n FI1G. 10. In the binary decision tree in FIG. 10, a
branch in case where X, 1s true “1”” and a branch 1n case where
X, 1s Talse “0” extend from the node of x,, which 1s aroot node.
Furthermore, a node of x, 1s connected to each of these
branches, and a branch in case where x, 1s true “1” and a
branch 1n case where X, 1s false “0” extend from the node of
X,. Moreover, a node of x5 1s connected to each of these
branches, and a branch in case where x; 1s true “1” and a
branch 1n case where x, 1s false “0”” extend trom the node of
X;. A leal node representing “1” according to the truth table
and a leaf node representing “0”” according to the truth table
are connected to each branch connected to the node of x,.

Thus, a path from the root node to a leat node representing,
“1” represents an mput combination, which makes an output
“17.

Typically, by integrating equivalent nodes, the binary deci-
sion tree as illustrated 1n FIG. 10 1s compressed. In case of
FIG. 10, as for two nodes of x,, which are surrounded by a
rectangle, a leal node connected to the branch of false “0”
represents “1”” and a leaf node connected to the branch of true
“1” represents “0”. Therefore, they are equivalent nodes.
Therefore, the two nodes can be integrated into one node.
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When such integration of the equivalent nodes 1s carried out,
a temporal binary decision graph as illustrated in FIG. 11 1s
obtained.

Furthermore, by deleting redundant nodes, the graph 1s
compressed as illustrated 1n FIG. 11. In FIG. 11, both of a
branch of true *“1” and a branch of false “0” of the left node of
X4, which 1s surrounded by the rectangle, are connected to a
leatl node of “0”, and this left node of x; 1s redundant. Fur-
thermore, both of a branch of true “1”” and a branch of false
“0” of the nght node of x, are connected to a leal node of “1”,
and this right node of x; 1s redundant. Therefore, when these
nodes are deleted, the binary decision graph as illustrated in
FI1G. 12 1s obtained. Because the nodes are deleted, node 1n
portions surrounded by the rectangle disappears in FIG. 12.
Thus, a graph generated by deleting the equivalent nodes and
redundant nodes from the binary decision tree 1s called “a
binary decision graph”.

Next, ZDD, which 1s a variety of BDD, 1s explained. It 1s
known that ZDD 1s effective when there 1s a lot of false “0” in
the mput combinations whose output becomes “1” (1.e. n
case of the sparse combination).

For example, 1n case of the truth table as 1llustrated 1n FIG.
13, the binary decision tree 1s represented as illustrated 1n
FIG. 14. Incidentally, when integrating the leaf nodes, the
binary decision tree 1s represented as illustrated 1n FIG. 15. As
described above, 1n case of BDD, nodes connected to the
same node 1n both cases of true “1” and false “0” are redun-
dant nodes. Theretore, the most left node among 4 nodes of x,
in FIG. 15 and third node from the left are identified as
redundant nodes, and the binary decision graph as illustrated
in FIG. 16 1s obtained.

On the other hand, 1n ZDD, nodes whose branch of true “1”
1s connected to a leafl node representing “0”” are deleted, and

a branch of an upper node of the deleted node 1s connected to
a node connected to a branch of false “0” of the deleted node.

In case of FIG. 15, because a branch of true “1”, which 1s
connected to a right node x, surrounded by a rectangle, 1s
connected to a leal node representing “0”, this node of x; 1s
deleted, and a branch of false “0”” connected to an upper node
X, 18 connected to a lead node representing “1”°. In addition,
because a branch of true ““1”, which 1s connected to a left node
X, surrounded by a rectangle, 1s connected to a leat node
representing “0”, this node X, 1s also deleted, and a branch of
true “1”°, which 1s connected to an upper node X, 1s connected
to a leal node representing “0”. Then, a temporary binary
decision graph as illustrated 1n FIG. 17 1s obtained. In this
temporary binary decision graph, because a branch of true
“1”, which 1s connected to a node x, surrounded by a rect-
angle, 1s connected to a leal node representing “0”, this node
X, 1s also deleted. Then, a branch of true “1”, which 1s con-
nected to an upper node of this node x,, 1s connected to a leaf
node representing “1”. By carrying out such compression,
/DD as 1llustrated 1n F1G. 18 1s obtained. In ZDD 1n FIG. 18,
a rectangle portion drawn by a dotted line corresponds to a
portion 1n which nodes are deleted.

A processing to generate ZDD representing the coordinate
list L 1n this embodiment will be explained by using process-
ing flows 1n FIGS. 19 to 26. The generator 122 sets n from the
number of sample points in the coordinate list L (FI1G. 19: step
S21). Specifically, n 1s calculated according to the following
CXPression.

n=| log, (no. of sample points in L) |

This expression represents that a value under the decimal
point of the logarithm of the number of sample points 1n the
coordinate list L to base 2 1s rounded upwards to obtain an
integer of the logarithm.
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Then, the generator 122 associates one level of ZDD with
cach possible value for each axis representing the perfor-
mance 1tem, based on the results of the meshing, and stores
data representing the association into the data storage unit
110 (step S23). For example, 1n the performance space as
illustrated 1n FIG. 7, when the performance 1tem 1 1s repre-
sented by x and the performance item 2 1s represented by v,
the association between each of the possible values 1n each
axis and a level 1s represented 1n FIG. 20. In an example of
FIG. 20, because both of x and y vary from 1 to 3, levels 1 to
6 are allocated 1n order of x,, X,, X3, V,, ¥, and y;. Here, the
level of the leal node 1s equal to or greater than 7.

Next, the generator 122 sets ZDD (including only leaf
nodes representing “0””) of an inconsistent functionto ZDD 1
[1] (1 1s an 1integer from 1 to n) (step S25).

Then, the generator 122 determines whether or not there 1s
an unprocessed sample point 1n the coordinate list L (step
S27). When there 1s no unprocessed sample point 1n the
coordinate list L, the processing returns to the calling source
processing. On the other hand, when there 1s an unprocessed
sample point, the generator 122 identifies one unprocessed
sample point 1n the coordinate list L, and sets the identified
sample point to cur (step S29). Then, the generator 122 sets
ZDD of the sample point cur to ZDD_c for a carry (step S31).
Then, the processing shifts to a processing of F1G. 21 through
terminal A.

Shifting to the explanation of the processing in FI1G. 21, the
generator 122 sets “1” to a counter 1 (step S33). Then, the
generator 122 sets ZDD_1]1] to ZDD_g (step S34). ZDD _1]1
1s saved to ZDD_g. After that, the generator 122 sets the result
of ZDD_1[1]+ZDD_c (here, “+” represents an exclusive logi-
cal OR) to ZDD_1[1], and the result of ZDD_g*ZDD _c to
ZDD_c (step S335). After that, when ZDD_c 1s an inconsistent
function, namely, there 1s no carry, the processing returns to
the step S27 in F1G. 19 through terminal B. On the other hand,
when ZDD_c 1s not an inconsistent function, the generator
122 increments 1 by “1” (step S39), the processing returns to
the step S34.

By carrying out such a processing, ZDD_1]1] 1s generated
according to an appearance state of the sample points.

Here, a process to generate ZDD_1]1] representing 35
sample points as illustrated 1n FIG. 7 will be explained by
using FIGS. 22 to 25. First, when sample point (1,1) 1s pro-
cessed, ZDD _1]1] 1s an inconsistent function, and ZDD of the
sample point (1,1) 1s set to ZDD_c. Then, when the step S35
1s carried out, ZDD_1]1] that 1s an inconsistent function and
ZDD_c of the sample point (1,1) are exclusively ORed, and
ZDD_1[1] becomes ZDD of the sample point (1,1). Inciden-
tally, since there 1s no carry because of ZDD_g*ZDD_c¢=0,
the processing shiits to a processing for the next sample point.

Next, a case where the sample (3,1) 1s processed 1s
explained by using FIG. 22. As illustrated 1n FIG. 22, when
/DD representing (1,1) and ZDD representing (3,1) are
exclusively-ORed, ZDD representing (1,1) and (3,1) appear
1s generated. Incidentally, since there 1s no carry because of
/ZDD_g*7ZDD_c¢=0, the processing shifts to a processing for
the next sample point.

Next, when the sample point (2,2) 1s processed, the pro-
cessing 1s explained by using FI1G. 23. As illustrated 1n FIG.
23, when ZDD representing the previous result and ZDD
representing (2,2) are exclusively-ORed, ZDD representing,
(1,1), (3,1) and (2,2) appear 1s generated. Incidentally, since
there 1s no carry because of ZDD_g*7ZDID_c=0, the process-
ing shiits to a processing for the next sample points.

Next, a case where the sample point (2,3) 1s processed 1s
explained by using FIG. 24. As illustrated 1n FIG. 24, when

/DD representing the previous result and ZDD representing
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(2,3) are exclusively-ORed, ZDD representing (1,1), (3,1),
(2,2) and (2,3) appear 1s generated. Incidentally, since there 1s
no carry because ol ZDD_g*ZDD_c¢=0, the processing shifts
to a processing for the next sample point.

Finally, a case where the sample point (2,2) 1s processed 1s
explained by using FIG. 25. As illustrated 1n FIG. 25, when
7DD representing the previous result and ZDD representing
(2,2) are exclusively-ORed, ZDD_1]1] (which 1s represented
by 1, ) representing that (1,1), (3,1) and (2,3) appear 1s gener-
ated. Furthermore, since there i1s a carry because of
/ZDD_g*/ZDD_c=1, ZDD_c representing (2,2) 1s generated,
and this 1s set to ZDD_1]2] (whichisrepresented by 1,) as it 1s.

Thus, two ZDDs are generated and used in the following
processing.

Incidentally, when those two ZDDs are represented 1n a
form of the frequency table, a table as 1llustrated 1n FIG. 26 1s
obtained. In the frequency table 1 FIG. 26, for each combi-
nation of the possible coordinate values for each axis, a fre-
quency table of two bits “1,1,” 1s represented. In other words,
as 1llustrated 1n a column of F, *“01” corresponds to “1”, and
“10” corresponds to “2”.

Returning to the explanation of the processing 1n FI1G. 5,
the vield calculation unit 123 of the processing unit 120
identifies one unprocessed sample point in the coordinate list
L (step SS). Then, the yield calculation umit 123 carries out a
processing to count the number of sample point for the 1den-
tified sample point (step S9). The processing to count the
number of sample points will be explained by using FIGS. 27
to 40.

First, the yield calculation unit 123 sets ZDD of a valid
function to ZDD_b (FIG. 27: step S41). Then, the yield cal-
culation unit 123 sets the number of performance 1tems to r
(step S42). In addition, the yield calculation unit 123 sets “1”
to 7 (step S43).

Furthermore, the yield calculation unit 123 sets an element
value of a j-th element in the coordinates of the i1dentified
sample point to “a” (step S45). For example, as 1llustrated 1n
FIG. 28, the sample point (2,2) 1s 1dentified. Then, in case of
1=1, a=2, and 1 case o =2, a=2. Incidentally, the j-th element
1s represented by “v”,

Incidentally, when the sample point (2,2) 1s 1dentified,
(1,2), (1,1) and (2,1) are the coordinate values of the sample
points that dominate this sample point. Furthermore, when
the yield 1s calculated, the coordinate values (2,2) and 1tself
are to be counted. In other words, x<2 and y=2 are conditions
for counting the number of sample points.

Then, the yield calculation unit 123 imitializes k to *“1” (step
S47). After that, the yield calculation unit 123 determines
whether or not k 1s equal to or less than “a” (step S49). When
k 1s equal to or less than “a”, the yield calculation unit 123 sets
ZDD_b*v, to ZDD_b, and increments k by “1” (step S51).
Then, the processing returns to the step S49.

As for v,, 1 case of 1=1, v=x, and 1n case of =2, v=y.
Namely, x, 1s multiplied with ZDD_b of the valid function,
and X, 1s multiplied with ZDD_b of the valid function, 1n a
loop for the first 3. Furthermore, in the second loop, 1=2.
Therefore, v, and vy, are multiplied with ZDD_b.

When k exceeds “a” at the step S49, the yield calculation
unit 123 determines whether or not 1 1s equal to or less than r
(step S33). When 7 exceeds r, the processing shifts to a pro-
cessing of FIG. 30 through terminal C. On the other hand,
when j 1s equal to less than r, the yield calculation unit 123
increments 1 by “1” (step S55), and the processing returns to
the step S45.

By carrying out such a processing, when the sample point
(2,2) 1s 1dentified, ZDD_b 1llustrated 1n FI1G. 29 1s generated.
As 1llustrated 1in FIG. 29, ZDD 1s generated in which a path



US 9,348,958 B2

9

reaches a leal node representing “1” when all of nodes x,, X,
y, and y,, which correspond to the respective coordinate
values that satisly the condition x<2 and y=2, which are
identified at the sample point (2,2), represent 1.

Shifting to the processing of FIG. 30 through the terminal
C, the yield calculation unit 123 mnitializes the counter1to “1”
(step S57). In addition, the yield calculation unit 123 gener-
ates a hash table P for registering the number of paths 1n
association with each node of ZDD_1]1], from ZDD_{1]1] (step
S59). The hash table P is to register the number of paths for
cach node. In the following, 1n order to make the explanation
casy to understand, 1t 1s assumed that identifiers as 1llustrated
in FIG. 31 are allocated. In an example of FIG. 31, the 1den-
tifier of the leal node representing “0” 1s “0”, the 1dentifier of
the leat node representing <17 1s “17, the identifier of the root
node x, 1s “2”, the node 1dentifier of X, 1s “3”’, anode 1dentifier
of x, 15 “4”, the node i1dentifier of y, 1s “5”, and the node
identifier of y; 1s “6”. Then, in the hash table P, as 1llustrated
in FIG. 33 A, for example, the number of paths 1s registered
for each node identifier O to 6. Incidentally, at this stage, the
number of paths 1s not registered. In addition, as for ZDD _b,
as 1llustrated in FIG. 32, the node identifiers are allocated in
order to make the explanation easy to understand.

Next, the yield calculation unit 123 sets the hash table P
[leal node|=value of the leaf node, and P[other nodes]=-—
(step S61). Atthis step, imitial values are set. A state illustrated
in FIG. 33 A 1s obtained with this step.

After that, the yield calculation unit 123 sets, as arguments,
rootnodes of ZDD_1[1] and ZDD b, and invokes a function H
(Inode, bnode) (step S63). The function H 1s a function for
completing the hash table to obtain the number of paths,
which 1s a first argument. A processing of this function H will
be explained by using FIGS. 34 to 40.

The vield calculation unit 123 determines whether or not
Pltnode]=-1 (FIG. 34: step S71). “~1" 1s an 1in1t1al value, and
when any value other than *“-1"" 1s set, a processing for anode
“Inode” 1s completed. Therefore, the processing returns to a
calling-source processing. On the other hand, when the mitial
value “-1" 1s still set, the yield calculation unit 123 sets the

variable of Tnode to “p”, and sets the level of “p™ to “a” (step

S73). When tnode 1s the node 2 1n FIG. 31, p=x, and a=1 are
set according to FIG. 20.

Moreover, the yield calculation unit 123 sets the vaniable of
the node bnode to “q” and sets the level of “q” to “b™ (step
S75). When bnode 1s the node 7 1n FIG. 32, g=x, and b=1 are
set according to FI1G. 20.

Then, the yield calculation unit 123 determined whether or
not a=b 1s satisfied (step S77). When a=b 1s not satisfied, the
processing shiits to a processing of FI1G. 35 through terminal
D. On the other hand, when a=b 1s satisfied, the yield calcu-
lation unit 123 determines whether or not P [child node con-
nected to a branch of false “0”” of fnode]=-1 1s satistied (step
S79). In the hash table P (FIG. 33A), when fnode 1s the node
2 1n FIG. 31, a value of the node 3 that 1s a child node
connected to a branch of false “0” of tnode 1s “-1".

When P[child node connected to branch of false “0” of
tnode]=-1 1s not satisfied, the processing shiits to step S83.
On the other hand, when P[child node connected to branch of
false “0” of Tnode]=-1 1s satisfied, the yield calculation unit
123 recursively invokes a function H (Inodel _,, bnodel _,)
(step S81). s=0 represents a child node connected to a branch
of false “0” of Inode, and t=1 represents a child node con-
nected to a branch of true “1” of bnode. Therefore, 1n the
alorementioned example, the node 3 in FIG. 31 and the node
8 1n FIG. 32 are set as the first argument and second argument
in the function H. When the step S81 1s completed, the pro-

cessing shifts to step S83.
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After the step S81 or when P[child node connected to
branch of false “0” of fnode]=-1 1s not satisfied, the yield
calculation unit 123 whether or not P[child node connected to
branch of true “1”” of Inode]=-1 1s satisfied (step S83). When
P[child node connected to branch of true “1” of fnode]=-1 1s
not satisfied, the processing shifts to a processing of FIG. 35
through terminal E. On the other hand, When P[child node
connected to branch of true “1” of Inode]=-1 1s satisfied, the
yield calculation unit 123 recursively invokes the function H
(Inodel _,, bnodel_,) (step S83). s=1 represents a child node
connected to a branch of true “1”” of Inode, and t=1 represents
a child node connected to a branch of true “1” of bnode.
Therefore, 1n the atorementioned example, the node 5 in FIG.
31 and the node 8 1n FIG. 32 are set as the first argument and
the second argument 1n the function H. When the step S85 1s
completed, the processing shifts to the processing of FIG. 35
through the terminal E.

In FIG. 35, shifting to the explanation of the processing
subsequent to the terminal E, the yield calculation unit 123
sets P[Inode]=P|[child node connected to branch of false “0”
ol fnode]+P[child node connected to branch of true “1” of
tnode] (step S87). Then, the processing returns to the calling
source processing.

Furthermore, shifting to the explanation of the processing
subsequent to the terminal D 1in FIG. 35, the yield calculation
unit 123 determines whether or not a>b 1s satisfied (step S89).
When the level a of Inode 1s greater than the level b of bnode,
the yield calculation unit 123 recursively mnvokes H (inode,
bnodel _,) 1 order to bring the level of bnode closer to the
level a (step S93). This means ifnode 1s not changed, and
bnode 1s changed to the child node connected to the child
node of true “1”. After the step S93, the processing returns to
the calling source processing.

On the other hand, 1n case of a<b, there 1s no node whose
level 1s the same as that of Inode for bnode, the yield calcu-
lation unit 123 sets P[Inode]=0 (step S91). Then, the process-
ing returns to the calling source processing.

In the aforementioned example, at the step S81, the node 3
in FIG. 31 and the node 8 1n FIG. 32 are set as the first
argument and the second argument of H, and the processing 1s
carried out from the beginning 1n FIG. 34. In FIG. 36, 1t 1s
assumed that (v, w) represents a node 1dentifier v in FIG. 31
and a node identifier w 1n FI1G. 32. Here, the transition (1) has
been carried out.

In this case, a=b 1s satisfied at the step S77, and P[node 4
that 1s a child node connected to branch of false “0” of node
3]=-1. Therefore, the processing shiits to the step S81, again.
In FIG. 36, the transition (2) has been carried out.

Then, the node 4 1n FIG. 31 and the node 9 1n FIG. 32 are
set as the first argument and the second argument of H. Then,
a=3 and b=4. Therelore, the processing shifts from the step
S77 to the step S89. At the step S89, because a<b 1s satistied,
the processing shifts to the step S91. Then, because the node
identifier of fnode 1s “4”, P[4]=0 1s set. In other words, the
hash table P as illustrated in FIG. 33B is obtained. In FI1G. 36,
the transition (3) 1s carried out, and the processing returns to
the processing for an immediately upper layer.

Then, at the step S83, P[child node connected to branch of
true “1” of node 3 that 1s fnode]=-1. At the step S85, the node
6 in FIG. 31 and the node 9 1n FIG. 32 are set to the first
argument and the second argument of H, and the processing 1s
carried out from the beginning of FIG. 34. In FIG. 36, the
transition (4) has been carried out.

Then, because a=6 and b=4 are satisiied, the processing
shifts from the step S77 to the step S89, and because a>b 1s
satisfied, the processing shifts to the step S93. Here, the node
6 1n FIG. 31 and the node 10 1n FIG. 32 are set to the first
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argument and the second argument of H, and the processing is
carried out from the beginning of FIG. 34. In FIG. 36, the
transition (35) has been carried out.

Then, because a=6 and b=5 are satisfied, the processing
shifts from the step S77 to the step S89. Furthermore, because
a>b 1s satisfied, the processing shiits to the step S93. Here, the
node 6 1n FIG. 31 and the leal node representing “1” in FIG.
32 are set to the first argument and the second argument of H,
and the processing 1s carried out from the beginning of FIG.
34. In FIG. 36, the transition (6) has been carried out.

Then, because a=6 and b=7/ are satisfied, the processing
shifts from the step S77 to the step S89. Furthermore, because
of a<b, the processing shiits to the step S91. Then, because the
node 1dentifier of fnode 1s “6”, P[6]=0 1s set. In other words,
the hash table P 1s changed to a table illustrated in F1G. 33C.
In FIG. 36, the transition (7) has been carried out to return to
the processing for an immediately upper layer. However,
when the step S93 1s completed, the processing returns to the
processing for a further immediately upper layer. Therefore,
in FIG. 36, the transition (8) 1s carried out to return to the
processing for an immediately upper layer. Furthermore,
because the step S93 1s completed also 1n this layer, the
processing returns to the processing for a further immediately
upper layer. Then, in FIG. 36, the transition (9) 1s carried out
to return to the processing for an immediately upper layer.

Then, the step S85 1s completed to shift to the step S87, and
P[node 4 that 1s child node connected to branch of false “0”” of
node 3|+P[node 6 that 1s child node connected to branch of
true “1” of node 3]=P[3]=0+0=0 1s set. In other words, the
hash table P 1s changed to a table as illustrated 1n FIG. 33D.
Then, 1n FIG. 36, the transition (10) has been carried out to
return to the processing for an immediately upper layer.

Returming to the processing for the root node, because of
P[child node connected to branch of true “1” of node 2|=P[5]
=—1, the processing shiits to the step S85. Then, the node 5 1n
FIG. 31 and the node 8 in FIG. 32 are set to the first argument
and the second argument of H, and the processing 1s carried
out from the beginning of FI1G. 34. In FIG. 36, the transition
(11) has been carried out.

Then, because of a=4 and b=2, the processing shiits from
the step S77 to the step S89. In addition, because of a>b, the
processing shifts to the step S93. Here, the node 5 1n FIG. 31

and the node 9 1 FI1G. 32 are set to the first argument and the
second argument ol H, and the processing 1s carried out from
the beginning in FIG. 34. In FIG. 36, the transition (12) has
been carried out.

Then, because of a=4 and b=4, the processing shiits from
the step S77 to the step 879, and because of P[leal node
representing “0”=child node connected to branch of false “0”
of node 5]=0, the processing shiits to the step S83. Further-
more, because of P[leal node representing ““1”=child node
connected to branch of true “1” of node 5]=1, the processing
shifts to the step S87. Atthe step S87, P [node 5]=P [leal node
representing “07”]+P [leaf node representing “1”]=0+1=1 1s
obtained. Accordingly, a state of the hash table P changes to a
state as 1llustrated in FIG. 33E. In FIG. 36, the transition (13)
1s carried out to return to the processing for an immediately
upper layer. However, when the step S93 1s completed, the
processing returns to the processing for a further immediately
upper layer. Therefore, in FI1G. 36, the transition (14) has been
carried out to return to the processing for an immediately
upper layer (the root node layer).

Because the step S85 1s completed 1n the processing for the
root node layer, the processing shifts to the step S87, and

P[root node 2 of 11]=P|[3|+P[5]=0+1=1 1s obtained. Here, the
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hash table P 1s changed to the state illustrated in FIG. 33F.
Therefore, the result P[2]=1 for the root node has been
obtained.

Returning to the explanation of the processing in FIG. 30,
the yield calculation unit 123 determines whether or not 1 1s
equal to or less than m (step S65). m represents the most upper
digit which 1s not an inconsistent function among ZDD_1]1] (i
1s an mteger from 1 to n). When 1 1s less than m, the yield
calculation unit 123 increments by “1” (step S67), and the
processing returns to the step S59.

In the aforementioned example, the processing for ZDD_{
[2] 1s also carried out. In this case, when the i1dentifier 1s
allocated to the node as 1llustrated in FIG. 37, the hash table
P as illustrated 1n FIG. 38 1s obtained. In this example of FIG.
38, a value P|2]=1 for the identifier 2 of the root node 1s
obtained.

On the other hand, when 11s equal to or greater than m, the
yield calculation unit 123 carries out a processing for count-
ing the number of sample points (step S69). The processing
for counting the number of sample points 1s explained by
using FIG. 39. Then, the processing returns to the calling
source processing.

The yield calculation unit 123 mitializes the number of
sample points S to “0” (FIG. 39: step S101). Moreover, the
yield calculation unit 123 mitializes a counter 1 to 17 (step
S103). Then, the vield calculation unit 123 sets S+P [root
node of ZDD_f[i]]*2"" to S (step S105). Ati=1, 1 (=P [root
node of ZDD_f[1]])*2°=1. Therefore, initially, S=1.

Then, the yield calculation unit 123 determines whether or
not 11s equal to or greater than m (step S107). When 1 1s less
than m, the yield calculation unit 123 increments 1 by “1”

(step S109), and the processing returns to the step S105.

In case of i=2, 1 (=P [root node of ZDD_{[2]])*2'=2.
Theretore, S=3.

When 1 1s equal to or greater than m, the yield calculation
unit 123 stores S as the number of sample points, 1nto the data
storage unit 110 (step S111). Then, the processing returns to
the calling source processing.

Incidentally, this number of sample points 1s the number of
sample points including other sample points having the same
coordinate values and 1ts own sample point.

Returning to the explanation of FIG. 5, the yield calcula-
tion unit 123 calculates the yield by dividing the number of
sample points S by the number of all sample points, and stores
the calculated yield into the data storage unit 110 (step S11).
With this processing, data as illustrated, for example, in FIG.
40 1s stored 1n the data storage unit 110. In other words, for
cach sample point, values are set to a column of the number of
sample points and a column of the yield.

Then, the yield calculation unit 123 determines whether or
not there 1s an unprocessed sample point in the coordinate list
L (step S13). When there 1s an unprocessed sample point, the
processing returns to the step S5. On the other hand, when
there 1s no unprocessed sample point, the processing ends.

By carrying out such a processing, the yield for each
sample point 1s calculated rapidly. Therefore, a graph as 1llus-
trated, for example, 1n FIG. 41 can be displayed, rapidly. In
the example of FIG. 41, when the performance item 1 1s delay
(delay (ps)) (corresponding to X axis), and the performance
item 2 1s electric current (Current (mA)) (corresponding to Y
ax1s), and the yield 1s represented by Z axis, a curved surface
1s obtained which represents that the yield 1s high when the
delay 1s long and the electric current 1s large. Incidentally, by
designating a specific yield and cutting the curved surface by
a plane parallel with XY plane, a diagram as 1llustrated 1n
FIG. 42 can be displayed. In the example of FIG. 42, the

sample points whose yield 1s 80% or more are represented by
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circle marks, and the sample points whose yield 1s 50% or
more are represented by triangle marks. Thus, each distribu-
tion can be easily grasped.

Embodiment 2

The configuration of the information processing apparatus
relating to this embodiment 1s the same as that of the first
embodiment. Therefore, the explanation 1s omitted. However,
the processing contents of the respective elements are
changed to those in the following.

The information processing apparatus 100 relating to this
embodiment carries out a processing illustrated in FIGS. 43 to
4'7. The converter 121 of the processing unit 120 carries out
meshing of the performance space, and converts the coordi-
nate values (1.e. performance 1tem values) of each sample
point, which are stored 1n the data storage umt 110 to coor-
dinate values of the mesh element containing the sample
point, and stores the processing results into the data storage
unit 110 (FIG. 43: step S201). This processing 1s a processing,
explained by using FIGS. 6 and 7. In addition, data as 1llus-
trated in FI1G. 8 1s stored into the data storage umt 110.

Next, the generator 122 generates a binary decision graph
(e.g. ZDD or BDD) that represents a group of sample points
stored in the data storage unit 110 (step S203). The method for
generating ZDD or the like 1s the same as that described in the
first embodiment.

Then, the yield calculation unit 123 carries out a search of
the binary decision graph as described below, calculates the
number of sample points including sample points that domi-
nates a specific sample point and the specific sample point,
and stores the calculated values 1nto the data storage unit 110
(step S205). Specifically, the search of the binary decision
graph 1s carried out so as to trace nodes corresponding to the
coordinate values equal to or less than the respective coordi-
nate values of a specific sample point from the rootnode in the
binary decision graph and count the number of paths to the
leat node representing “1”. For example, when the sample
point (X, y)=(2, 2) 1s the specific sample point, X, X,, v, and
y, that are nodes corresponding to the coordinate values (x<2
and y=2) equal to less than that of the specific sample point
are 1dentified as the node to be traced. Then, paths from the
root node in the binary decision graph through the 1dentified
node to the leat node representing “1” are searched. In case of
ZDD 1n FIG. 45, one path from the root node x, to the leaf
node representing “1”” through y, without passing nodes other
than the nodes illustrated 1n FIG. 44 1s 1dentified.

In case of the ZDD as illustrated 1n FI1G. 46, one path from
the root node x,, to the leat node representing “1” through vy,
without passing through nodes other than nodes as illustrated
in FIG. 44 1s 1dentified.

In addition, 1n case of ZDD 1illustrated 1n FIG. 47, a first
path from the root node x, through the nodes x, and y, and a
second path through the node y, are obtained.

Incidentally, ZDD may be ZDD for only one digit or ZDD
for two or more digits. In such a case, the number of paths 1s
counted for each digit, and the number of paths 1s added after
multiplying a weight 2" for each digit 1. For example, in case
where FI1G. 45 represents ZDD for the first digit and FIG. 46
represents ZDD for the second digit, 3 (=1*2'""4+1*2°"1) is
calculated.

After that, the yield calculation unit 123 calculates the
yield by dividing the number calculated at the step S205 by
the number of all sample points, which are stored 1n the data
storage unit 110, and stores the yield into the data storage unit
110 (step S207). Thus, data as illustrated in FIG. 48 1s stored
in the data storage unit 110. In the example of FIG. 48, an
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example 1s 1llustrated 1n which a sample point whose sample
point ID 1s “1” 1s used as the specific sample point. When the
steps S205 and S207 are carried out for other sample points,
the number of sample points and yield are also stored into the
data storage unit 110, similarly.

By carrying out such a processing, the generation of the
binary decision graph 1s carried out only once, and the search
of the binary decision graph 1s carried out only for each
sample point. Therefore, 1t becomes possible to calculate the
yield much efliciently, namely, faster than a case 1n which the
domination relationship between each sample point and the
other sample points. Incidentally, the atorementioned pro-
cessing 1s carried out for the sample points belonging to the
same mesh element only once. Therefore, also according to
this point, the speed of the processing 1s enhanced.

Although the embodiments of this technique were
explained, this technique 1s not limited to those embodiments.
For example, the functional block diagram 1s a mere example,
and does not always correspond to an actual program module
configuration. Furthermore, as for the processing flow, as
long as the processing result does not change, an order of the
steps may be exchanged or the steps may be executed 1n
parallel. The aforementioned processing may be executed by
one or plural computers.

In addition, the aforementioned information processing
apparatus 100 1s a computer device as illustrated 1n FIG. 49.
That 1s, a memory 2501 (storage device), a CPU 2503 (pro-
cessor), a hard disk drive (HDD) 2505, a display controller
2507 connected to a display device 2509, a drive device 2513
for a removable disk 2511, an input device 2515, and a com-
munication controller 2517 for connection with a network are
connected through a bus 2519 as 1illustrated 1n FIG. 49. An
operating system (OS) and an application program for carry-
ing out the foregoing processing in the embodiment, are
stored 1n the HDD 23505, and when executed by the CPU
2503, they are read out from the HDD 23505 to the memory
2501. As the need arises, the CPU 2503 controls the display
controller 2507, the communication controller 2517, and the
drive device 2513, and causes them to perform necessary
operations. Besides, intermediate processing data 1s stored 1n
the memory 2501, and 1f necessary, it 1s stored in the HDD
2505. In this embodiment of this technique, the application
program to realize the alorementioned functions 1s stored in
the computer-readable, non-transitory removable disk 2511
and distributed, and then 1t 1s 1nstalled into the HDD 2505
from the drive device 2513. It may be installed into the HDD
2505 via the network such as the Internet and the communi-
cation controller 2517. In the computer as stated above, the
hardware such as the CPU 2503 and the memory 2501, the OS
and the necessary application programs systematically coop-
erate with each other, so that various functions as described
above 1n details are realized.

The atorementioned embodiments are summarized as fol-
lows:

An information processing method relating to the embodi-
ments includes: (A) converting, for each of a plurality of
sample points that are stored 1n a data storage unit, a set of
plural kinds of performance 1tem values for a sample point
into coordinate values of a mesh element containing the set
among a plurality of mesh elements obtained by dividing a
space mapped by plural kinds of performance items, and
storing the coordinate values of the mesh elements 1nto the
data storage unit; (B) generating a binary decision graph
representing a group of the coordinate values of the plurality
of sample points that are stored in the data storage unit; (C)
first calculating the number of sample points including sec-
ond sample points that dominates a first sample point and the
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first sample point, by counting the number of paths from a
root node 1n the binary decision graph to a leat node repre-
senting “1” in the binary decision graph through at least one
ol certain nodes corresponding to coordinate values that are
equal to or less than coordinate values of the first sample
point, wherein the second sample points and the first sample
point are included 1n the plurality of sample points that are
stored 1n the data storage unit; and (D) second calculating a
yield of the first sample point by dividing the calculated
number by the number of the plurality of sample points, and
storing the yield into the data storage unait.

By carrying out this processing, after confirming the domi-
nation relationship between each sample point and the other
sample point, the yield 1s calculated, efficiently and rapidly.

In addition, the aforementioned first calculating and sec-
ond calculating may be carried out for each of the plurality of
sample points as the first sample point. When a lot of sample
points have to be processed, the effect becomes large.

Moreover, the first calculating may include: (c1) generat-
ing a second binary decision graph that has the certain nodes
and 1n which, when all of the certain nodes represent true, a
path reaches a leal node representing “1” from the binary
decision graph; and (¢2) counting the number of paths from a
root node 1n the second binary decision graph to the leat node
representing “1”” through at least one of the certain nodes.

Furthermore, the first calculating comprises: searching
nodes 1n the binary decision graph from the root node in a
direction of a leal node; terminating the searching upon
detecting that it 1s confirmed that the searched node 1s not the
certain node or upon detecting that a path of the searching
reaches a leaf node representing “0” 1n the binary decision
graph; and upon detecting that a path of the searching reaches
the leal node representing “1” 1n the binary decision graph,
second counting the number of paths by returming to the root
node while tracing the path of the searching in a reverse
direction. By carrying out such a processing, 1t becomes
possible to count the number of paths, appropriately.

Furthermore, the returning may include: adding, at a node
on the path, the number of paths 1n a direction of a false
branch and the number of paths in a direction of a true branch,
and shifting to a next node on the path in the direction of the
root node. The efficiency of the processing can be enhanced.

Incidentally, 1t 1s possible to create a program causing a
computer to execute the aforementioned processing, and such
a program 1s stored 1n a computer readable storage medium or
storage device such as a tlexible disk, CD-ROM, DVD-ROM,
magneto-optic disk, a semiconductor memory, and hard disk.
In addition, the mtermediate processing result 1s temporarily
stored 1n a storage device such as a main memory or the like.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples 1n the
specification relate to a showing of the superiority and infe-
riority of the mvention. Although the embodiments of the
present inventions have been described 1n detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the mvention.

What 1s claimed 1s:

1. A computer-readable, non-transitory storage medium
storing a program lor causing a computer to execute a pro-
cess, the process comprising:

converting, for each of a plurality of sample points, values

of a plurality of performance 1tems for analog circuits
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into coordinate values of a mesh element among a plu-
rality of mesh elements obtained by dividing a space
mapped by the plurality of performance items for the
analog circuits;

generating a binary decision graph representing a group of

the coordinate values of the plurality of sample points,
wherein the binary decision graph includes a plurality of
nodes each of which represents one coordinate value 1n
an axis for one of the plurality of performance items for
the analog circuits;

identifying, from among the plurality of nodes, first nodes

whose coordinate values are equal to or less than coor-
dinate values of a first sample point of the plurality of
sample points;

searching the binary decision graph for first paths each of

which satisfies a condition that a start of the first path 1s

a root node 1n the binary decision graph, an end of the

first path 1s a leaf node representing “1”, and each node

that 1s on the first path and 1s other than the root node and

the leal node corresponds to any one of the first nodes;
counting the number of the first paths; and

calculating a yield of an analog circuit corresponding to the

first sample point by dividing the counted number of the
first paths by the number of the plurality of sample
points.

2. The computer-readable, non-transitory storage medium
as set forth 1n claim 1, wherein the 1dentifying, the searching,
the counting and the calculating are carried out for each of the
plurality of sample points as the first sample point.

3. The computer-readable, non-transitory storage medium
as set forth 1n claim 1, wherein the searching comprises:

generating a second binary decision graph that has the first

nodes and 1n which, when all of the first nodes represent
true, a path reaches a leat node representing “1” from the
binary decision graph; and

searching the binary decision graph for the first paths from

a root node 1n the second binary decision graph to the

leat node representing “1”” through at least one of the first
nodes.

4. The computer-readable, non-transitory storage medium
as set forth in claim 1, wherein the searching comprises:

searching nodes 1n the binary decision graph from the root

node 1n a direction of a leaf node;

terminating the searching upon detecting that it 1s con-

firmed that the searched node does not correspond to one
of the first nodes or upon detecting that a path of the
searching reaches a leal node representing “0” 1n the
binary decision graph; and

upon detecting that a path of the searching reaches the leaf

node representing “1” in the binary decision graph,
searching for the first paths by returning to the root node
while tracing the path of the searching 1n a reverse direc-
tion.

5. The computer-readable, non-transitory storage medium
as set forth in claam 4, wherein the returning comprises:
adding, at a node on the path, the number of paths 1n a
direction of a false branch and the number of paths 1n a
direction of a true branch, and shifting to a next node on the
path 1n the direction of the root node.

6. An information processing method comprising:

converting, by using a computer, for each of a plurality of

sample points, values of a plurality of performance items
for analog circuits into coordinate values of a mesh
clement among a plurality of mesh elements obtained by
dividing a space mapped by the plurality of performance
items for the analog circuits;
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generating, by using the computer, a binary decision graph
representing a group of the coordinate values of the
plurality of sample points, wherein the binary decision
graph includes a plurality of nodes each of which repre-
sents one coordinate value m an axis for one of the
plurality of performance 1tems for the analog circuits;

identifying, from among the plurality of nodes and by
using the computer, first nodes whose coordinate values
are equal to or less than coordinate values of a first
sample point of the plurality of sample points;

searching, by using the computer, the binary decision
graph for first paths each of which satisfies a condition
that a start of the first path 1s a root node in the binary
decision graph, an end of the first path 1s a leal node
representing “1”, and each node that 1s on the first path
and 1s other than the root node and the leal node corre-
sponds to any one of the first nodes;

counting, by using the computer, the number of the first

paths; and

calculating, by using the computer, a yield of an analog

circuit corresponding to the first sample point by divid-
ing the counted number of the first paths by the number
of the plurality of sample points.

7. The information processing method as set forth 1n claim
6, wherein the identitying, the searching, the counting and the
calculating are carried out for each of the plurality of sample
points as the first sample point.

8. The information processing method as set forth 1n claim
6, wherein the searching comprises:

generating a second binary decision graph that has the first

nodes and 1n which, when all of the first nodes represent
true, a path reaches a leal node representing “1” from the
binary decision graph; and

searching the binary decision graph for the first counting

the number of paths from a root node in the second
binary decision graph to the leal node representing “1”
through at least one of the first nodes.

9. The information processing method as set forth 1n claim
6, wherein the counting comprises:

searching nodes 1n the binary decision graph from the root

node 1n a direction of a leaf node;

terminating the searching upon detecting that 1t 1s con-

firmed that the searched node does not correspond to one
of the first nodes or upon detecting that a path of the
searching reaches a leal node representing “0” 1n the
binary decision graph; and

upon detecting that a path of the searching reaches the leat

node representing “1” in the binary decision graph,
searching for the first paths by returning to the root node
while tracing the path of the searching 1n a reverse direc-
tion.

10. The information processing method as set forth in
claim 9, wherein the returning comprises: adding, atanode on
the path, the number of paths 1n a direction of a false branch
and the number of paths in a direction of a true branch, and
shifting to a next node on the path 1n the direction of the root
node.

11. An imnformation processing apparatus, comprising;:

a memory; and

a processor configured to use the memory and execute a

process, the process comprising:
converting, for each of a plurality of sample points,
values of a plurality of performance 1tems for analog
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circuits into coordinate values of a mesh element
among a plurality of mesh elements obtained by
dividing a space mapped by the plurality of perfor-
mance 1tems for the analog circuits;

generating a binary decision graph representing a group
of the coordinate values of the plurality of sample
points, wherein the binary decision graph includes a
plurality of nodes each of which represents one coor-
dinate value 1n an axis for one of the plurality of
performance 1tems for the analog circuits;

identifying, from among the plurality of nodes, first
nodes whose coordinate values are equal to or less
than coordinate values of a first sample point of the
plurality of sample points;

searching the binary decision graph for first paths each
of which satisfies a condition that a start of the first
path is a root node 1n the binary decision graph, an end
of the first path 1s a leal node representing “1”, and
cach node that 1s on the first path and 1s other than the
root node and the leal node corresponds to any one of
the first nodes:;

counting the number of the first paths; and

calculating a yield of an analog circuit corresponding to
the first sample point by dividing the counted number
of the first paths by the number of the plurality of
sample points.

12. The information processing apparatus as set forth in
claim 11, wherein the 1dentitying, the searching, the counting
and the calculating are carried out for each of the plurality of
sample points as the first sample point.

13. The information processing apparatus as set forth in
claim 11, wherein the searching comprises:

generating a second binary decision graph that has the first

nodes and 1n which, when all of the first nodes represent
true, a path reaches a leat node representing “1” from the
binary decision graph; and

searching the binary decision graph for the first paths from

a root node 1n the second binary decision graph to the
leat node representing “1”” through at least one of the first
nodes.

14. The information processing apparatus as set forth in
claim 11, wherein the searching comprises:

searching nodes 1n the binary decision graph from the root

node 1n a direction of a leaf node;

terminating the searching upon detecting that 1t 1s con-

firmed that the searched node does not correspond to one
of the first nodes or upon detecting that a path of the
searching reaches a leal node representing “0” 1n the
binary decision graph; and

upon detecting that a path of the searching reaches the leaf

node representing “1” in the binary decision graph,
searching for the first paths by returning to the root node
while tracing the path of the searching 1n a reverse direc-
tion.

15. The information processing apparatus as set forth in
claim 14, wherein the returning comprises: adding, at a node
on the path, the number of paths 1n a direction of a false
branch and the number of paths in a direction of a true branch,
and shifting to a next node on the path in the direction of the
root node.
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